In recent years an increasing amount of attention has been given to the fluctuations of blood enzyme activities in liver disease. Numerous workers (cf. Greenberg and Harper, 1960) have shown that one or more of the many enzymes present in serum may be abnormal in various types of hepatic dysfunction. It seemed possible that characteristic patterns of blood enzyme abnormalities might be distinguished for particular disorders of the liver. We have therefore studied the variation in the plasma activities of several enzymes belonging to four different groups (glycolytic, dehydrogenases, transaminases, and esterases) in patients with hepatitis, obstructive jaundice, cirrhosis, and neoplastic conditions involving the liver. The determinations were performed on single random specimens of blood and also on serial samples obtained from selected patients.
MATERIALS AND METHODS
PLASMA ENZYME ACTIVITIES The enzyme activities measured, together with the analytical methods and incubation temperatures used, are given in Table I .
Two difficulties arise with respect to the units employed by various workers to express an enzyme activity. The principal source of possible error is that the activity of an enzyme may be determined by different methods involving the definition of different units and these may not be interconvertible. Thus, two or even more, normal ranges and abnormal responses for a particular enzyme may be encountered in the literature. The units employed in the present work are those defined in the analytical methods listed in Table I and may not necessarily be equivalent to units defined by other workers. A second Received for publication 14 November 1960 difficulty relates to the volume of plasma or serum used to define the normal range. Enzyme activities are usually expressed in terms of 1 ml. of plasma or serum. However, alkaline phosphatase and cholinesterase activities have been defined for many years in terms of 100 ml. of plasma and serum, and it would cause some confusion to alter this long-established practice. Enzyme activities are extremely dependent upon temperature but there is, as yet, no general agreement about either an internationally standard temperature at which enzyme activities should be measured or an appropriate correction factor by which results obtained at different temperatures could be interconverted. We have therefore employed two widely used incubation temperatures (250 and 37°C.) and have not attempted to apply corrections.
The methods for the determination of aldolase, the two transaminases, alkaline phosphatase, and cholinesterase were colorimetric procedures and the final determination of the optical densities were made with a Hilger Spekker absorptiometer. The dehydrogenase estimations were based on the conversion of the reduced forms of either diphosphorypyridine or triphosphopyridine nucleotides to their corresponding oxidized forms. These latter reactions were measured by the changes in optical density at 340 mp using a Hilger Uvispek spectrophotometer. The normal range for each plasma enzyme activity was determined by analysing random blood specimens, collected into heparinized bottles, from 50 normal adult subjects.
Other biochemical examinations included the estimation of serum bilirubin (Malloy and Evelyn, 1937) , the serum thymol turbidity test (Maclagen, 1944) , and qualitative tests for urinary bilirubin, urobilinogen, and urobilin (Harrison, 1957 (King, 1959) Table V .
The results show that all the plasma enzyme activities, with the exception of the lactic dehydrogenase, showed abnormal values when the patient was first seen. The aldolase, glutamic-oxaloacetic transaminase, isocitric dehydrogenase, phosphogluconic dehydrogenase. and cholinesterase activities returned to normal before the serum bilirubin decreased from its maximum concentration, whereas the alkaline phosphatase and glutamic-pyruvic transaminase activities decreased more slowly. The liver damage therefore appeared to be reflected in the high proportion of abnormal enzyme activities. However, this patient was not seen in the pre-icteric stage of the disease, when damage to the liver parenchyma had probably occurred and the time relation of the plasma enzyme activity disturbances to a rising serum bilirubin concentration could not be established.
The second case of infective heptatitis was studied in the pre-icteric stage, i.e, before clinical jaundice had supervened. Abnormally high values for the activities of the two transaminases were found during the period that the total serum bilirubin concentration increased from normal to 7 mg. per 100 ml., at which point all the other enzyme activities, with the exception of lactic dehydrogenase, became abnormal. Thus, the plasma transaminase activities gave an indication of liver damage before overt jaundice occurred. The detailed results for this patient are shown in Fig. 1 .
As in the case of the mild hepatitis, all the enzyme activities, except lactic dehydrogenase, showed abnormal values during the period that the jaundice was increasing. The serum bilirubin level reached 26 mg. per 100 ml., remained above 20 mg. for several weeks, and then slowly returned to normal. The majority of the abnormal enzyme activities returned to normal before the bilirubin had reached its peak but the alkaline phosphatase tended to remain slightly high. On the twenty-sixth day of the illness the patient had a further bout of nausea level of 6 mg./100 ml., the transaminases, isocitric dehydrogenase, and lactic dehydrogenase remained consistently high and the cholinesterase was abnormally low on two occasions. The alkaline phosphatase and aldolase levels were raised until the terminal stages of the illness when they fell to normal levels. This terminal fall in the alkaline phosphatase was also observed in several other cases of hepatic metastases and also of cirrhosis.
Hodgkin's disease involving the liver A man, aged 42, with Hodgkin's disease and severe ascites, was treated with nitrogen mustards and deep x-ray therapy and showed clinical improvement. The plasma enzyme activities were measured on several occasions before, during, and after the treatment (Table VllI) .
The abnormal values found for glutamic-oxaloare frequently presented with such specimens. In Table IV gives as much, if not more, guidance in the differential diagnosis of liver disease than would any more elaborate combination which included one or more of the plasma enzyme activities measured in the present work. The second question was concerned with the possible value of serial measurements of multiple plasma enzyme activities in assessing the course of particular hepatic disorders. The results suggest that such estimations may give useful information but that it is not necessary to measure all the enzyme activities. Thus, the fluctuations in either of the transaminases (glutamic-oxaloacetic or glutamicpyruvic) reflected the major changes in any of the other enzymes studied. Abnormal values for the transaminases were obtained in acute hepatitis before overt jaundice had supervened and they appeared to be sensitive indices of a further episode of parenchymal damage during a severe hepatitis (Fig. 1) . The abnormal values quickly returned to normal in an uncomplicated case of hepatitis (Table JII) and their persistently raised levels in the cases ofcirrhosis (Table VI) and of hepatic metastases (Table VII) We are indebted to our clinical colleagues for allowing us to investigate the patients under their care.
